Objectives. Little is known about the biochemical mediators IL-7 that correlate with the initiation and progression of OA. We performed this study to assess the role of variants of IL-7 in OA susceptibility in the Chinese Han population.
Introduction
OA, which has an important genetic component associated with its development and is an idiopathic phenomenon, occurring in previously intact joints, with no apparent initiating factor such as joint injury or developmental abnormalities, is the most common joint disorder, and many genes contribute modestly to the risk for developing OA [1, 2] . This disease is characterized by the progressive failure of the extracellular cartilage matrix, leading to articular cartilage destruction [3, 4] . To date, there is no effective treatment for this disease. Current treatments mainly focus on relieving symptoms and improving function, and even joint replacement surgery for end-stage disease. Its incidence is steadily increasing and results in a huge economic burden worldwide. Although the detailed aetiology is not currently fully understood, it is believed that OA develops from an imbalance between anabolic and catabolic processes or homeostasis of cartilage metabolism [57] .
Biochemical mediators, such as cytokines and growth factors, profoundly influence the cellular responses in joint tissues, modifying both the catabolic and anabolic activities involved in the pathogenesis of OA [8] . ILs, both proand anti-inflammatory, have a pivotal role in arthritic diseases and are potential targets of OA therapy [9, 10] . The IL-7 gene is located on chromosome 8q12q13, spanning 72 kb, and harbours six coding exons. It encodes a 177-amino-acid protein with a 25-aminoacid-long signal peptide. IL-7 is a non-redundant cytokine, essential for T cell survival and development in humans [11] . Studies have indicated that IL-7 is involved in a number of diseases, such as leukaemia, lymphoma, autoimmune diseases and some types of solid tumours [12] . It has been suggested that IL-7 contributes in an autocrine manner to joint tissue destruction in joint diseases such as OA. Long et al. [13] have demonstrated that IL-7 protein is produced by articular chondrocytes, and endogenous production of IL-7 by cartilage tissue is higher when obtained from patients with OA. Miyaura et al. [14] have demonstrated the strong potential of IL-7 for leading to bone loss, and IL-7R-deficient mice displayed increased bone volume and bone density. In this study, to investigate the role of IL-7 in OA, we genotyped four single nucleotide polymorphisms (SNPs) (rs2583764, rs2583760, rs6993386 and rs2583759) of the IL-7 gene in 602 OA patients and 454 normal controls of Chinese Han origin and analysed their association.
Materials and methods
The methods were carried out in accordance with the approved guidelines.
Participants
The sample set consisted of 602 knee OA cases (159 males and 443 females) and 454 normal controls (260 males and 194 females) of the Chinese Han population recruited from the Department of Orthopaedics of Yantaishan Hospital. The mean age of the OA cases was 64.5 (9.5) years, and the mean age of the normal controls was 58.5 (11) years. All patients were diagnosed by senior physicians based on standard clinical, endoscopic, radiologic and histological data, on the basis of two criteria: radiographic evidence of disease (defined as a KellgrenLawrence grade 5 2); and/or clinical evidence of disease requiring total joint replacement (TJR). Patients with other types of arthritis, skeletal dysplasia or tumour were excluded from the study. Controls were randomly selected from healthy persons under routine health screening. The full study conformed to the Declaration of Helsinki and was approved by the Research Ethics Committee of Yantaishan Hospital, Yantai, China. All participants provided written informed consent before blood sampling.
SNP selection
We consulted the dbSNP and HapMap databases and selected tag SNPs (using the software Haploview 4.1) with minor allele frequency 50.2 and r 2 5 0.5 in the Han Chinese population in Beijing. In total, four SNPs were chosen (rs2583764, rs2583760, rs6993386 and rs2583759) for genotyping. These SNPs span the region where most exons are located. The markers are all intronic SNPs (the location of these SNPs and exons of IL-7 are displayed in supplementary Fig. S1 , available at Rheumatology Online). We tested our SNP variability by using a web tool provided by the Broad Institute. By performing this test, our markers could capture 51% of the variability in the whole region.
Genotyping
Genomic DNA was isolated from EDTA-collected peripheral blood using a QIAamp blood extraction kit (Qiagen, Hilden, Germany), following the manufacturer's instructions. All DNA samples were genotyped for IL-7 SNPs using allelic-specific multiple ligase detection reactions according to the standard protocol, and this was carried out by the Shanghai Generay Biotech Co. Ltd. To test the validity of this procedure, $10% of samples were then confirmed by direct DNA sequencing.
Statistical analysis
In this casecontrol study, HardyWeinberg equilibrium and linkage disequilibrium were calculated by SHEsis software [15, 16] . Allele and genotype frequencies were analysed using gplink (version 2.050). Haplotype frequencies were calculated initially on UNPHASED, then the Pvalues of the positive haplotype were corrected using the 10 000 permutations on Haploview 4.0RC1. The power of the SNPs in the study was calculated using G Power 3.0.5. The odds ratio (OR) was set at 1.25. All tests were two-tailed and statistical significance was assumed at P < 0.05.
Results
From the linkage disequilibrium plot constructed of the four SNPs (supplementary Fig. S2 , available at Rheumatology Online), we found that deviation from the HardyWeinberg equilibrium was absent for all cases and controls. The allele and genotype frequencies of the four SNPs in the cases and the healthy controls are listed in Table 1 . The haplotype analyses of the cases and the healthy controls are shown in Table 2 . In terms of association analysis, we found that the rs2583759 polymorphism was significantly associated with OA [P-allele = 0.00, P-genotype = 3.86 Â 10
À30
, OR (95% CI): 0.27794
TABLE 2
Haplotype analysis of the rs2583760-rs2583759 block and the rs2583764rs2583760rs6993386rs2583759 block Bold numbers represent P-values (P < 0.05). *Represents significant positive results. rs2583760rs2583759 Global result: Global chi-square is 156.695374, while degrees of freedom (df) = 1 (frequency < 0.03 in both control and case has been dropped). Pearson's P-value is 0.0000.
Permutation P-value (Pearson) is 0.0000. Discussion IL-7 is a potent immune-regulatory cytokine belonging to the IL-2/IL-15 family. It is produced by various cell types, including stromal cells, endothelial cells, epithelial cells, osteoclasts, chondrocytes, fibroblasts, smooth muscle cells and even some malignant cells [17] . IL-7 is well known for its critical role in the development and homeostasis of lymphocytes [18] . However, accelerating evidence is revealing that IL-7 is involved in other pathologies, such as tumour development and progression, bone biology and joint diseases [12, 17, 19] . Studies from Richard F. Loeser's group have indicated that IL-7 could be produced by chondrocytes and that the level is increased in chondrocytes from OA patients and older normal individuals. IL-7 subsequently upregulates the production of S100A4 and MMP-13 (via activating the JAK/STAT signalling cascade) and promotes chondrocyte hypertrophy [13, 20] . Thus IL-7 may play an important role in cartilage degradation during the pathologic process of OA. Until now, there has been no research into the association of the SNPs on IL-7 with OA, and our study is the first research to do so. We tested three SNPs (rs2583764, rs2583760 and rs6993386) between exons 2 and 3, and one SNP (rs2583759) between exons 5 and 6. From the results of both allele analyses and genotype analyses, we concluded that IL-7, especially rs2583759, is significantly associated with OA. The linkage disequilibrium blocks (supplementary Fig. S2 , available at Rheumatology Online) showed that rs2583759 has a hot relationship with rs2583760, which might be critical in the development of OA. Besides, the SNPs rs2583764, rs2583760 and rs6993386 are in the same block. Further analyses revealed that these SNPs did have linkage disequilibrium.
This study represents the first attempt to test the association between polymorphisms in the IL-7 gene and OA. We recruited 602 patients and 454 controls and used four SNPs as tag markers to investigate the role of IL-7 in OA patients of Chinese Han origin. Our data indicated that rs2583759 is probably associated with OA and that IL-7 may be a potential risk gene for OA in the Chinese Han population. However, the present study is only based on subjects of the Chinese Han population and the genotyped four tag SNPs-replicating studies with larger samples and with more markers in other ethnic groups will be necessary to clarify the apparent relationship of IL-7 to OA. Furthermore, research into the functional role that IL-7 plays in the pathology of OA is needed, and this would provide further useful information about prevention, diagnosis and therapy of this disease.
